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RESEARCH MEMORANDUM

AN INVESTIGATION OF THE DOWNWASH AT THE FROBABIE TAIL '
LOCATION BEHIND A HIGH~ASPECT-RATIO WING IN
THE IANGIEY 8-FQOT HIGH~-STEED TUNNEL

By Richard T. Whitcomb
SUMMARY

Downwash angles have been measured behind a model of a high-
aspect-ratio wing at points nesr the probable teil location at Mach
numbers wp to 0?29 in the Langley 8-foot high-speed tumnel. The
model has an NACA 65-210 section, &n aspect ratio of 9.0, a taper
ratio of 2.5:1, no twiset, dihedral, or sweepback. The results :
indicate that the variations of downwash angle with normel-force .o
coefficient are approximately the seme at Mach numbers up to the H
hizhest test value for normal-force coefficients up to the stall !
condition, end thet the downwash sngle for a given normal -force
coefficient varies only slightly at Mach nu:mbers up to approxi- '
mately 0.83 but decresses by approximetely 0.4° when the Mach number '
is increased from 0.83 to the highest test value.

The downwash engle at the position of the tail behind a wing
similar to that tested, that is an untwisted wing with a high-~aspect
ratio and a constant section across the span, at Mach numbers
appreciably above the critical values may be predlcted with fair
accuracy using presently available equations or charts with or
without a torrection for compressibllity.

INTRODUCTION

The Iangley 8-foot high-speed tunnel staff has conducted &
series of tests on models of a high-asbect-ratic wing and typlcal
tail at Mach numbers up to 0.025. The serocdynamic characteristics
of the wing are presented in reference 1, and thosse of the tall are !
presented in reference 2. In order to use the results of these btests
In the determinetion of the stability and trim characteristics of a
complete airplanse, the downwash angles behind the wing et the tall
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position for flight comditions are required. Mesthods that can be
used to predict the downwash at subcrlitical Mach numbers with
sufficient accuracy are avellsble (references 3 and k4); however,
the applicebility of these methods for predicting the downwash at
supercritical Mach mumberse is unknown.

In order to obtain reliable downwash angle values for supsr-
critical Mach numbers the downwash angles have been measured &t
Mach numbers up to 0.9 at the probable tail locetions behind the high~
aspect~ratio wing. These probable locatlons are relstively high
in comparison to taill locatlions used at present since the tall mustd
be placed outside the region.of flow fluctustions as described in
reference 5. In order to obtain an indication of the exact
applicability of the methods to predioct downwash at all Mach numbers
Pehind e wing similar to that tested, the measured results have been
compered with downweseh spgles calculmted using these methods. .

The results presented are not directly eppliceble to the
prediction of the exact downwash angles that may be present behind
e wing on an alrplane since the test configurations did not include

& fuselege; the results do indicate, howsver, changes in tlhe downwash
angles wlth Mech number that may ocour bshind such a wing.

SIYMBOLS

'b- span of model, feet

o section cherd, feet '

| ‘;r ‘root chord, feet |

section normal-force coefficient
CN wing normal-force coefficient

h vertical distance from wing chord line extended to polnt of
measurement, Teet

M Mach number, corrected for tummel-wall interference

erea of model, square feet
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TBST APPARATUS AND METHODS

Apperatus

The Langley 8-foot high-speed tummel, in which the tests were
conducted, is of the single-return, closed-throat type. The Mach
‘number at the throat is continuously controllable. The alr-stream
turbulence in the tunnel is small but slightly higher than in free
air.

The wing uwsed in this investiga.’cion 1s described in reference 1.
The wing has an NACA 65-210 section, en aspect ratio.of 9.0, a
taper ratlo of 2.5 to 1.0, no sweepback, twist ox dihed.ral. The
oeffective span of the model is 37.8 inches, the root chord is 6 inches,
and the tip chord is 2.k inches. The model wes supported in the
tunnel by means of a verticel plate as described in reference 1.

The downwesh 'behind. the wing was measured by & small yaw head
which was placed 2.8 -root-chord lengths behind the 25-percent-chord
station of the model and 0.25 semispan from the plate. The yaw head
was held in place by means of an arc-sheped strut which was fastened
to the side of the support plete as shown in figure 1. The vertical
position of the yaw head was adjusted by changing the position of the
arc-shaped strut on the plate. Total-pressure measurements were
made at the polnts at which downwash measurements were made by means
of the rake described in reference 1.

Tests and Reauc'bion of bate

The yaw head was calibrated at the test Mach numbers by measuring
the pressures at the open end of the tubes with the yaw head rotated
at various angles with respect to the support and tunnel. Yaw head
measurements were made with the yaw head 0-,0.25% 0.50-, and 1.0-root-
chérd lengths above the center of rotation of the wing a.t uncorrected
Mach numbers ofoo 1!-6 0.6, 0. 76 0.8, 0.85, and 0.883 for angles of
attack of 0°, 2°, 4% and 7°.  Total pressure measurements were made
at the same Ma.ch numbers and angles of attack. The pressures mesasured
at each of the open ends of the yaw head were corrected for the
difference between the measured and the free-streesm velues of total
Pressure at the positions of these open ends,and the downwash angles
were obtained from these corrected pressure values. Downwash angles
for positions 0.5~ and C.7-root-chord lengths above the wing chord
line extended have been determined from interpolation of these results.
An enalysis of poseible sources of error indicates that the maximm
exror of the downwesh angles presented is approximetely 0.1°.
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The Mach numbers have been corrected for the effects of the
tunnel wall by the method describsd in reference 1. The dovnwash
angles have been corrected using the equations presented in
roference 4. The downwash corrections epplled at Mach numbers
of 0.40 and 0.89 were spproximately 5 &nd 7 percent of the measured
values,respectively.

Calculations of Downwash Angles

The results of numerous tests (reference 3) indicate that the
downwash angle behind an airfoil at low speeds may be calculated
with sufficient accuracy by use of the theoretical span loed
distribution presented in reference 6 and the methods given in
reference 3 which are based on Biot-Savart egquation and the lifting -
line concept. Even more setlsfactory results might be obtained by
the use of those equations and the measured span load distributions.
An anelysis presented in reference 4 indicates that the downwash
angle at any polnt behind & wing at Mach numbers M up to the
critical value may be determined by the methods of reference 3 if
camputations ere made for & point which is at a distance

of v—m_;Fr times the tell length from the line of reference.
1

Using the theoreticel span load distribution shown in figure 2
and the equations of reference 3, the downwash angles have been
calculated for a Mach number of 0.40 for the statlons for which
experimental data are presented. Using the same load distributilons
and equations and the correction for compressibility, the downwash
angles have been calculated for Mach numbers from O. &O to 0.Q0 for
the upper station for which experimentsl date are presented. Using
measured span load distributions similar to those shown in figure 2
in plece of the theoretical distributions, similaer calculations have
been made Ffor the same station . and Mach number range. Downwash
angles determined by uss of these thecretlcal span load distributions
and methods of reference 3 for a point in the plane of syrmetry of the
wing or average downwash angle value for tail position may be obtained
with vexy litvtle effort using the charis presented In reference 7.

The equations of reference 3 rather than the charts have been nsed :
for all the caloulatione since the calculated values for the off-center
pointe of measurement were desired.
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RESULTS AND DISCUSSION

Experimental Results

The veriations of the downwash angles with normal-force coefficient
for the various Mach nuwbers and for the two measurement statlons are
presented in figure 3. The variations of the downwash angles with
Mach number for normel-force coefficients of 0.2, 0.4, end 0.7 are
presented in figure 4. The normal-force coefficien‘t-s mea.sured. are
very nearly egual to the 1ift coefficients Lor the same conditions;
the variations of the downwash angle with normal-force coefficient
are therefore very nearly the same as the veriations with lift
coefficient for the same condltions. Any discrepancy is less than the
probeble meximm error in the measured engles.

For all Mach nuribsrs the veriations of downwash angle with
normel-force coefficlent are a.pproxima.tely the same up to the stalled .
condition (fig. 3). _

Figures 3 and 4 indicate that the downwash angles for & given
normal-force coefflcient do not vary appreciebly when the Mach number
is increased up to approximately 0.83, a value which is approxi- g
mately 0.1 greater than the critical Mach number at the design angle
of atteck for the wing (reference 1). The results presented in
reference 8 show that the changes in the downwash engles behind other
wings for given 1ift coefficients are smell at Mach numbers up to
the critical valus.

At Mach nunbers greator than 0.83 the downwash angle for a given
normal-force coefflcient decremses slightly. The changes are
approximately the same for all normal-force coefficients a.t both of
the vertical stations and in most cases are less than 0.4° st a Mach
nunber of 0.89.

Comparison of Experimental end Caloulated Results

The downwash angles calculated by the use of the theoretical
span load distributions of reference 6 and the method of reference 3
but with no correction for compressibility are approximetely the
seme as the measured downwash angles at Mach nunmbers up to the
highest test value. The maximum variation between the calculated
values and measured values is approximately 0.2°.

At Mach numbers up to epproximately 0.75, the correction for
compressibllity does not significantly affect the agreement betwsen

e s e e
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the calculated and measured values. At Mach numbers betiween
approximately O.75 and 0.87 the correction for compressibllity
increases the disagreement. The divergence of the measured downe
wesh angles and those calculated using the correction for
compressibllity at these Mach numbers may be ebiridbuted to the

. increase in the intensity and extent of the wake which occurs at
these Mach numbers due to seperation on the winge The flow behind
the wing tends to move into the more intense wake as described in
reference 3 and a&s a result the downwash above the wake increases
while that below the wake decreases.

Vhen the Mach number is increased beyond approximately 0.83 the
differences between the meesured downwaesh angles and those caloulated
using the correction for compressibility ere reduced. This reduction
may be attridbuted to the presence of the large region of superscnic
flow at these Mach numbers but the exact explenation of how the
presence of this flow changes the downwash is not lknovm. Because of
this reduction, at Mach numbers greater then approximately 0.87,
usge of the campressibllity correction lmproves the egreement between
calculated and measured values for the lower normal-force coefficients.
At these Mach numbers and novmal-force coefficients, the maximum
variation between the measursd velues and t‘nose caelculated using the
correction for compressibility is about 0.1°.

Uese of the sctusl measured span load distridbution in place of
the theorstical gives values of dovmwash angles which are sligh'bly
closer to the measured values at all Mach numbers.

These camparisons indicate that the downwash at the tail position
behind a wing similer to that tested, that is an untwisted wing
with a high-aspect ratio and a comstant section across the span,
at Mach numbers appreciably sbove the critical Mach number may be
predicted with falr accuracy using the theoretical span load distri-
bution and the methods of reference 3 or the charts of reference T.
The correction for compressibility does not significantly affect the
agreoement botween the measured and celculated values.

CONCLUDING REMARKS

The resulis of downwash angle measuremente made near the tall
locetion behind a high-aspect ratio wing with an NACA 65-210 airfoil
section, an aspect ratio of 9.0, and a tepsr ratlio of 2.5:1 at Mach
numbers up to 0.89 indicate the following:

1. For each Mach number up to the highest test value the
variations of the downwash angles wlth normal-force coefflclent were
approximately the same up to the stalled condlitlon.
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2. The downwash angle for a given normal-force coefficient
veried enly slightly with Mach mumbers up to spproximetely 0.83 but
decreased by ebout 0.4° when the Mach mumber was increased from .83
to" the highest test valus chteined. o T S

3. The downwash angle at the pesition of the tail behind a ]
wing similer to that tested at Mach numbers appreciehly ehove. the .
critical veluce mey be predicted with fair accuracy using presently.
ayeiledle eguations or cherts with or without e sorvection for
conprossibllity. :

Netional Advisory Committee for Aercpantics
Iangley Memoriasl Aeronautical Laboratory
Lengley Field, Va.
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Fig. 2

r T T Y
1 LT 17 I yES 18 te L3 X
1 - w ¥ 1 . =L A 11 4
£ ] Py TE RIPEHTD ] :
o] - Y
$ 3
“ ¥ }
R t 3
Ty rean : b
f
» & T+ 1 X i3 T 0 ot
\ E RANENH RN RSy ANERY YRARN TR
3 Rl A ky . i 3 X
(i X 3 LT - . s 3
3 g T T am I} o
o L < - T T
% 3
i 12 ) DRy } FESM
soae o : TRHE Hidy -
LN L) S EJEY L 1
(RN s W & 1 . | e
0 2 i HE 2 T ; )
0 E I -+ 7 1
> v
AN 4 T P4 n
¥ 1T > e
\! a5 &0 2 R o (e
0 X
I i Fry Fiaees ¥ x
N : v SR 5 5
W ) b L — hat 4
i i S 5 e T A
YR o HRTH L
3
H ~ m H o 3 1 PO
¥ i 4 ] 2 ¥ Tossadh ¥ y
3 «
LA y =
1 um [} LYY |
Raz ' : O Wt 12 g h
T . n I AL
<4 i - w
t o Erad 5
3. n 4 " 1] n & » .
i cn ¥ [} T 3 "
\ &7 'y aka . N
A3 4k - BAR
r] £ O wek,
1 T =l
o -~ L. L i I r-d aaf e ']
ras x ¥ RN
{ F A plvk 3 2,
& 1 f : il EZR
' Y
SRl il ; i H 2 =Rk
o e > d d gt W H
X Y
] g N oSO
. I
T St
L ry 1 _.
G apxs N1 -
[ a - ALY
i - .
: s 3 5 :
) W ams
LWEIdeE
¥ .
¥
4 L+
¥ HH T 51
2 Hq
XM o WS .0
. x LH 13
x: .
MEE , A3 y
; H ak - P 1t
o~ - - £_{ . Liy L ERVEE
3 1 - t Tl
y . ry ANER *
s £ 1 -y
M a 4 - . \r- g
r ~ m)
A xa ™
funw, ¥ K
H ne T it 1 i £
E 1 ‘. SRani T 3




Fig. 4

NACA RM No. L7B12

ke
.

FOR AERONAUTICS

S

P
L& LA
e

"NATIONAL ADVISORY

(4
i

2S

1

. COMMITTE

e

T
]

Iy J.yé-l? -~y
) b

tfohé

VII‘ F 4 K4
s

Thks

G-

RIS

]
|

&L

et

UNCLASSIFIE

7, VTG 1




Fig. 3

NACA RM No. L7B12

T ™ T~ T T e " . H T By n
i ;|- [ Y 1 !f_ 1 i ..-..r”.".“» .. } ! g 1 -_ : __ -
: - ] __ : Ny " B A f I HES 1 :
S S 9 aide . ST m

O O D T * ¥ O N NN SRNENEEN
m T TS T FRNEEN _m
_ 1. ol : ! a1 . ' 2 : Wl : i e ;

[ PR W g - “ : “ Sl R Im [ H = d mefee e . W ot

A

.J':" :
N
/i) '

Y

E N

tarces:

1
.’.’J'

TONAL ADVISORY

177 COMMITTEE FOR AERO
- . " .
I
o=
¥ l’
)

v
l
~ I-- ---/ -
I
L —

OGS

AT

=
:

N
el el

7e4

e = lll
ek

o [ B

i
&
¢
= O |
{9
_f
7
II:JDI 7

=
(3
.

e

Vi
.
-

ba-

[

3

ol







